Objective-The effective components of interventions for reducing excessive gestational weight gain (GWG) remain to be identified. This study investigated the socio-demographic, physical, psychosocial, and environmental correlates of online GWG tracking and its independent association GWG outcomes.
Introduction
Maternal obesity and excessive gestational weight gain (GWG) are associated with many adverse pregnancy and birth outcomes. In addition, they increase the risk of obesity in both mother and baby (1) (2) (3) . A recent Cochrane review found diet and/or exercise interventions during pregnancy reduced the risk of excessive GWG by 20% (4) .
Electronic health (e-Health) interventions have been shown to be efficacious across cognitive, some behavioral, and emotional outcomes (5) . However, several recent metaanalyses of e-learning and web-based weight management interventions have yielded mixed results. Harris et al. (6) concluded that e-learning interventions did not have a significant positive effect on body mass index (BMI) or body weight. Arem and Irwin (7) in their review of internet-delivered weight loss and maintenance programs found intervention results ranging from no weight loss to an average loss of 7.6 kg. Kodama et al. (8) concluded from their metaanalysis that the intervention effects were inconsistent, and depended on the type of usage of the internet and the time period of use.
The recent Cochrane review mentioned above suggested that e-health interventions hold potential for addressing maternal obesity and excessive GWG (4) . However, there is currently limited knowledge on the effectiveness of e-health interventions in preventing excessive GWG and even less is known about the effectiveness of specific intervention components (9) . Self-monitoring is generally considered to be an important component of behavioral weight management interventions. Self-weighing is recommended as part of the AHA/ACC/TOS Guidelines for Managing Overweight and Obesity in Adults from the National Heart, Lung and Blood Institute (10) . A recent systematic review of longitudinal studies of self-weighing and weight outcomes found more frequent self-weighing was associated with greater weight loss, less weight regain, and better weight gain prevention (11) . Electronic self-monitoring has been found to be related to greater adherence to selfmonitoring over a 6 month time period compared to paper monitoring, but not to better weight outcomes (12) .
Several studies have been undertaken in Great Britain and Australia to encourage pregnant women to weigh themselves at time intervals between the first and last prenatal care visits, which are the only times they are measured by health care providers (13) (14) (15) . Harrison and colleagues (13) found a significant difference in GWG at 28 weeks between women who engaged in self-weighing and those who did not in a randomized trial sample of women who were overweight and obese (5.66 ± 2.6 kg vs. 7.03 ± 3.56 kg, p = 0.02). Jeffries and colleagues (14) conducted a randomized controlled trial of self-weighing and weight tracking at 16, 20, 24, 28, 30, 32 , 34 weeks gestation and found no overall positive effect. In a randomized controlled trial with pregnant women who were overweight and obese, with serial self-weighing and simple dietary advice as the intervention, there was no difference in mean GWG between treatment groups (−0.9 kg, 95% CI −2.0 to 0.24) (15) .
A recent paper that used data from the trial reported here examined latent class-derived usage patterns of all intervention and control group features and their relationship to GWG (16) . No significant associations were found between usage patterns and GWG in the control group. In the intervention group and among higher income women only, the combined group of super users (who had high use of all features) plus consistent weight trackers gained significantly less during pregnancy than the other use groups combined (normal BMI: −1.49 kg, p = 0.002; overweight and obese BMI: −2.17 kg, p = 0.003) (16) . The common component across the two high use groups was consistent use of the weight gain tracker, indicating a need to better understand who used the online GWG tracking tool and the relationship of use to weight gain outcomes.
The aim of this study is to examine the relationship between electronic weight gain tracking and weight gain outcomes in a sample of pregnant women in the US. More specifically, this paper addresses the following questions: (1) What are the socio-demographic, physical, psychosocial, and environmental characteristics of pregnant women who use electronic weight gain tracking during pregnancy and (2) What is the relationship between weight gain tracking and GWG outcomes independent of the characteristics that predict tracking?
Methods

Sample
Data for this study come from a large randomized controlled effectiveness trial of an integrated mobile phone and online intervention aimed at preventing excessive GWG and postpartum weight retention (17) (18) . Pregnant women were eligible for the trial if they were 18-35 years of age, had normal to obese class I body mass index (BMI), and were relatively healthy without weight-affecting medical conditions. In addition, participants had to (1) consent at or before 20 weeks' gestation, (2) be available for a 24 month intervention, (3) plan to carry their pregnancy to term and keep the baby, (4) read and understand English, and (5) have an email address. Upon consent, women were electronically randomized via computer to two identical intervention arms and one control arm within two income (low defined by Medicaid eligibility during pregnancy and not-low) and two BMI (normal BMI and overweight plus obese class 1 BMI) groups (four strata).
The sample includes women in the intervention arms who met study eligibility criteria and participated during pregnancy as indicated by at least 1 website login or completion of the baseline questionnaire. Among this group, only those who had a singleton pregnancy that lasted at least 20 weeks were included in the analysis, n=898. The study protocol was approved by the University of Rochester Research Subject Review Board and the Cornell University Institutional Review Board.
The intervention
All study participants were sent an email describing the study and the features and tools available on the study website. E-mail, postcard, and telephone reminders were used as prompts to encourage participants to visit the website the first time. A $5 incentive was also given for the first visit to the study website.
Fishbein and Yzer's Integrative Model of Behavioral Prediction (19) and Fogg's Behavior Model for Persuasive Design (20) were the guiding theoretical frameworks for the intervention. The website featured blogs, local resources, articles, frequently asked questions (FAQs), and event reminders that were available to women in the intervention and control arms (21). In addition, intervention arm participants had access to a weight gain tracker and diet and physical activity goal-setting and self-monitoring tools which were hypothesized to be the active ingredients of the intervention. The GWG tracker was based in the Institute of Medicine (IOM) GWG guidelines (2) . It used a woman's weight and height at recruitment for determining prepregnancy BMI and the appropriate GWG goal and graph for each women. Women could enter weights via text message or online, with each weight plotted on the women's personal graph. After each weight entry, the woman was informed through her device if her weight was on or off track. The diet and physical activity goal setting tools were each multi-component tools that included assessment of problem or need for change, setting a goal, identification of personal strategies and barriers, self-monitoring, and rewards. Intervention participants were emailed weekly from randomization until delivery with reminders to login to see new content and reminders to use the weight gain tracker, diet and physical activity goal setting tools.
Measures and data collection
Use of the online features was automatically captured by the website. For some features, amount of use in relation to expected use was incorporated into the usage measure. Consistent use was expected for entry of weights into the weight gain tracker, an a priori decision. We expected women to track their weight in 30-day intervals based on the standard schedule for prenatal care visits. However, to allow for possible delays in the scheduling of appointments, we used 45-day intervals from time of enrollment to delivery. If a woman entered a weight during each of the 45-day intervals that she participated in the study she was categorized as a consistent tracker. If she entered a weight during at least of half of the intervals, she was categorized as an almost consistent tracker. If a woman entered weights in less than half of the intervals or she never entered a weight during pregnancy, she was categorized as an inconsistent tracker.
Socio-demographic, behavioral, psychosocial, and environmental data were collected through an online survey at baseline. Figure 1 shows the predictors of weight tracking from the Integrative Model of Behavioral Prediction (19) that were included in this study. Questions from the EARLY trials consortium were used for measuring socio-demographic characteristics, in-home access to a scale, and frequency of self-weighing (17) . Items for measuring the other constructs predicting the behavior of weight tracking came from previous research on gestational weight gain (22) and all were pre-tested in the population for this project. GWG data were obtained through an audit of the participant's prenatal, labor and delivery, and 6 week postpartum medical record. Health data were abstracted from the medical record.
Statistical analysis
Total GWG was calculated as the difference between the first weight and the last weight in pregnancy. Overall, 13% of the sample did not have sufficient weight information in the medical record to yield a valid measure of GWG. Sufficient weight information required having both a measured weight < 14 weeks and ≥ 37 weeks gestation. Missing data were handled using multiple imputation to address issues of bias (23) that may result from analyzing only complete cases, using SAS Proc MI and MIANALYZE. Sixty imputed data sets were created for the primary analysis and the models presented below. Next, the binary outcome of excessive total GWG was calculated using the Institute of Medicine (IOM) guidelines for each BMI group as determined at randomization. For each of the three BMI groups, the cut-off values for excessive total GWG are as follows: normal BMI -> 16 kg (35 pounds); overweight BMI -> 11.5 kg (25 pounds); and obese class 1 BMI -> 9 kg (20 pounds).
Among participants with measured (not imputed) GWG data, chi-square analysis was used to identify the socio-demographic, physical, psychosocial and environmental predictors of consistent weight gain tracking. A modified Poisson regression approach (24) was used to identify the independent predictors of consistent tracking from the variables identified in the binary analyses using the imputed data. All analyses were conducted separately in low and not-low income groups.
The Mantel-Haenszel chi-square statistic was used to evaluate the association between consistency of tracking and the binary outcome of prevalence excessive total GWG, and for total GWG in kg, the Kruskal Wallis test was used for this purpose. Least-squares multiple regression models assessed the mean difference in total GWG (kg) between consistent weight gain trackers compared to non-consistent trackers (all the other categories combined) within income groups, controlling for the earlier identified predictors of consistent tracking. Similarly, a modified Poisson regression approach (24) was used to estimate the relative risk (RR) for the categorical outcome variable, proportion of women with excessive total GWG. All weight outcome models used the imputed data sets and were adjusted for the following covariates: BMI, age, race, and parity, as well as pregnancy timing variables including gestational age at delivery, the weeks between the first and last pregnancy weight, and the weeks between the last pregnancy weight and delivery. Significance level was set at p-value of < 0.05.
Results
Predictors of weight gain tracking
In this sample from a large randomized effectiveness trial, more than twice as many not-low income women (34.2%) compared to low income (Medicaid eligible) women (16.5%) tracked their weight gain consistently during pregnancy (Table 1) . Of the socio-demographic and physical characteristics considered in the bivariate analyses, age, race, and education were significantly (p < 0.05) associated with consistent weight gain tracking in both income groups. Marital status was significantly associated with consistent tracking in the not-low income women, while there was a trend (p = 0.06) toward an association in low income women. Early pregnancy body mass index (BMI) and parity were not significantly associated with weight gain tracking in either income group.
As shown in Figure 1 , intention to avoid excessive pregnancy weight gain, is the most proximal predictor of weight tracking. Overall, 22.7% of women intended to gain more weight during pregnancy than recommended by the IOM, 66.4% intended to gain within the guidelines, and 10.9% intended to gain less than recommended by the IOM (Table 1) . Among low income women who intended to gain within the IOM guidelines, 17.9% were consistent trackers and among not-low income women who intended to gain within the IOM guidelines, 38.3% were consistent trackers. The intended amount of GWG was significantly associated with consistent weight gain tracking in not-low income women (p = 0.03), but not in low income women (p = 0.97).
Among the skills examined in bivariate analyses, frequency of self-weighing was significantly associated with consistent weight tracking among low income women (p = 0.004), but not in not-low income women (p = 0.15). Among not-low income women, usage of mobile and web technology was associated with consistent tracking (p < 0.001). Women who had a cell phone and no internet were more likely to be consistent trackers than women who used other electronic communication technologies (Table 1) .
Among environmental factors, receiving advice about GWG from a health care provider was considered as a potential facilitator of weight gain tracking. Among low income women, there was no relationship. In not-low income women, among those who did not get advice, 38.0% were consistent trackers compared to 29.2% among those who did get weight gain advice (p = 0.04), the opposite of what was expected. There was a trend for access to a scale at home to be associated with weight tracking in low income women only (p = 0.11). Accessing the internet frequently at home was strongly and significantly associated with consistent tracking among low income women (p = 0.003), but not in higher income women (p = 0.99) where daily use of the internet at home was much more common (57.3% vs. 42.1%).
Among the psychosocial predictors of intention, knowledge of the appropriate amount of weight gain was positively associated with consistent tracking among not-low income women in bivariate analyses (p = 0.02). In addition, self-efficacy was significantly associated with consistent weight tracking among low income women (p = 0.001). Low income women who were unsure of their ability to control their weight gain during pregnancy were more likely to be consistent weight trackers (29.9%) that those who were neutral or sure (10.5% and 21.6% respectively).
Each of the significant factors from the bivariate analyses was then included in a multivariate model predicting consistent weight gain tracking in each of the two income groups separately. Among low income women, the following factors were significantly associated (p < 0.05) with consistent weight tracking: age 30 years or older, some college education or more, weighing self once or more per week, accessing the internet daily from home, unsure weight gain self-efficacy, and BMI (Table 2 ). Among not-low income women and in the reduced model, not black race, completing college, receiving no GWG advice from a health care provider, and not owning a smart phone were positively and significantly associated (p < 0.05) with consistent weight gain tracking (Table 3) .
Association of weight gain tracking with weight gain outcomes
The second research question of this paper was whether consistent weight tracking was associated with two weight outcomes: total amount of GWG in kg and the proportion of women with excessive GWG as defined by the IOM. In the unadjusted analysis for the sample with complete weight data shown in Figure 2 , there was no association between consistency of weight gain tracking and the total amount of weight gained during pregnancy in low income (Medicaid eligible) women (p = 0.21). Among not-low income women, the more consistent the weight tracking, the less women gained and this relationship was significant (p ≤ 0.001). The results for the prevalence of excessive total GWG were similar to those for total GWG in kg (Figure 3 ). There was no association between the consistency of weight tracking and the prevalence of excessive GWG in low income women (p = 0.47), and there is a highly significant association in not-low income women (p ≤ 0.0001). In this income group, 36.4% of the consistent trackers gained excessively compared to 58.8% of inconsistent trackers (Figure 3 ).
To assess the independent effect of weight gain tracking on weight outcomes in each income group, the GWG outcome models were adjusted for covariates associated with weight tracking. This analysis should inform answering the question: Is weight gain tracking associated with weight outcomes or does the association result from the characteristics of the women who choose to track?
Among low income women, consistent tracking was not significantly related to either total GWG or the proportion of women with excessive GWG (Table 4 ). In this income group, self-weighing once a week or more was associated with 1.57 kg greater weight gain (95% CI: 0.09 to 3.04; p = 0.04). Among not-low income women, consistent tracking was associated with an average of 2.35 kg less GWG (95% CI: −3.23 to −1.46; p <0.0001) controlling for other variables associated with consistent tracking (Table 5) . Similarly, consistent trackers in this income group were at significantly reduced risk of gaining excessively (RR 0.73; 95% CI: 0.59 to 0.89; p = 0.002) ( Table 5 ).
Discussion
The results of this study support weight gain tracking as an intervention feature in electronic intervention programs for avoiding excessive weight gain during pregnancy among not-low income (not-Medicaid eligible) women. Among women in this income group, consistent trackers gained 2.35 kg less weight during pregnancy and were at significantly reduced risk of gaining excessively compared to women who were not consistent weight gain trackers, controlling for predictors of tracking behavior.
The prevalence of consistent weight tracking during pregnancy was overall quite low, especially among the low income group where only 16.5% were consistent trackers. Among not-low income women, 34.2% were consistent trackers. While this number is double the proportion of low income women, it is not the majority of women.
Generally speaking, the socio-demographic factors positively associated with consistent tracking were similar among low and not-low income women: older age, white race, and higher education. In the multivariate analysis, early pregnancy BMI was significantly and negatively associated with weight gain tracking in low income women only. The psychosocial and environmental factors from the Integrative Model of Behavior Prediction (19; Figure 1 ) that were significantly associated with tracking varied by income group. Several important environmental constraints and skills were significantly associated with weight tracking among low income women, but not among not-low income women. This finding is consistent with the idea of a "digital divide" meaning that low income women have less access to the devices and technology for e-health interventions. The digital divide also includes an individual's usual style of learning and the availability of supports that facilitate benefiting from access to the electronic communications technology.
For the design of future intervention trials, it is important to better understand how to encourage more women to track their weights electronically during pregnancy. The results support taking a different approach for women in each income group. Among low income women, increased access to and familiarity with using the e-health technologies and greater availability and use of the tools for weight monitoring (scales) need to be addressed. Among not-low income women, the intervention should focus on addressing the psycho-social factors that contribute directly to forming an intention to gain appropriately. Interestingly, among higher income women, those who did not recall getting advice from a health care provider were more likely to consistently track. This raises the question of how to involve health care providers in an online self-care weight gain prevention intervention such as the one described here. In this income group, women who did not own a smartphone were more likely to consistently track weight gain. We hypothesize that these women may have had less access to and possibly less interest in other pregnancy websites and apps and thus used the study website more frequently. The two ownership groups may have differed in characteristics not controlled in the analysis.
This study has several limitations. It is a secondary, post hoc analysis of data from a relevant subgroup of intervention arm participants in a randomized trial. The cross sectional analysis examines associations between weight tracking and weight outcomes and it is not possible to make a causal inference based on the study design. A second limitation is the small proportion of women who consistently tracked GWG. A strength is that this study includes a large and diverse sample from an effectiveness trial. This increases the applicability of the results to real-world e-and m-health applications.
Conclusion
Consistent weight tracking was associated with significantly less weight gain during pregnancy and a significantly reduced risk of gaining excessively in not-low income women. This relationship was independent of other variables that were associated with consistent tracking. Weight tracking by pregnant women themselves appears to be an effective component of interventions to reduce excessive GWG among not-low income women. What is already known about this subject?
• Frequent self-weighing is positively associated with weight outcomes in nonpregnant individuals.
• In pregnant women, frequent self-weighing and weight gain tracking are not consistently associated with better weight outcomes in the 3 studies that have addressed the issue.
• E-health interventions with electronic weight gain monitoring currently show better adherence to weight monitoring, but not better weight outcomes.
What does this study add?
• The prevalence of consistent weight gain tracking during pregnancy is 16.5% among low income and 34.2% of not-low income women in a socioeconomically and racially/ethnically diverse trial sample from the US.
• More highly educated, older, and white women are more likely to track their gestational weight gain than other women.
• Among not-low income women, consistent weight gain tracking is associated with a 25% reduction in the risk of excessive gestational weight gain independent of sociodemographic, psychosocial, and environmental factors associated with tracking. Variables from the Integrative Model of Behavioral Prediction (19) considered for models of consistent tracking and weight outcomes. Missing (n) Table 3 Full and reduced regression models of consistent weight gain tracking in not-low income (not-Medicaid elibigle) women a
Full model b
Reduced model c Table 4 Multivariable regression models of gestational weight gain (GWG) outcomes by consistent tracking and its predictors among low income (Medicaid   eligible) Table 5 Multivariable regression models of gestational weight gain (GWG) outcomes by consistent tracking and its predictors among not-low income (not- Obesity (Silver Spring). Author manuscript; available in PMC 2017 December 02.
